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X- RAL)IATIoN OF-'- _MN-iZND ROENTGEN COSMIC BACKGROUND 
ACCORDING TO DATA OF AhlS "LUNA-12" 

Kosmicheskiyc Issledovaniya 
Tom 6, vypusk 1, 119 - 1 2 7 ,  
Izdatel'stvo "NAUKA", 1968 

by S. L .  Mandel'shtam 
I. P. Tindo 
G. S. Cheremulhin 
L. S. Sorokin 
A. B. Dmitriyev 

Tlic r e su l t s  o f  measurements a r e  p r e s e n t e d  o f  s o f t  X-rad ia t ion  of t h e  
Moon probably  o c c u r r i n g  dur ing  f l u o r e s c n c e  o f  t h e  l u n a r  surface under  t h e  
a c t i o n  o f  Sun 's  X-radia t ion .  The f l u x  o f  Moon's X-radia t ion  i n  t h e  8-14 A 
s p e c t r a l  r e g i o n  c o n s t i t u t e d  i n  d i f f e r e n t  t i m e  p e r i o d s  Q, lo-150 photons/'cm2 
sec sterad. The cosmic roentgen  background c o n s t i t u t e d  % 7.5  photons cm2/sec 
sterad kev i n  t h e  s p e c t r a l  r e g i o n  8-12  A.  Corpuscular  fluxes, a p p a r e n t l y  e l e c  
t r o n s  of  s o l a r  o r i g i n  w i t h  energy E > 50 kev and r e a c h i n g  'L 1.103 p a r t i c l e s  
cm s e c  s t e r a d ,  were r e g i s t e r e d  near t h e  Moon. The i n t e n s i t y  of t h e s e  fluxes 
:qrees w e l l  w i t h  t h e  i n d e x  Ap o f  geomagnetic d i s t u r b a n c e .  

* 
* *  

Investigations of Moon's X-radiation, begun on AMs LUNA-10 [l], have been 
pursued with the help of AMs LUNA-12. 
on the further search of soft X-radiatiuri emitted by the superficial layers of 
the Moon, which has a roentgen-fluorescent nature and occurring under the action 
of Sun's X-radiation. 

The problem of the experiment centered 

'The apparatus' response was raised by comparison with that used on LUNA-10. 
Two identical Geiger counters (Cr.1 and Cr.2) served as radiation receivers; 
they have aluminum windows 10 wn thick and an area of 3 cm2, with effective 
field of vision of 0.8 sterad. 
the hard isotropic aadiation constituted 12.6 cm2. 
tral sensitivity, the counters being filled with a neon-xenon-oxygen gas mix- 
ture, is plotted in Fig.1 (see [ 2 ] ) .  
racteristic lines of A1 and Mg atoms entering in the composition of the lunar 
surface. 
filter; it controlled the contribution to the counting rate of the penetrating 
radiation constituted by cosmic rays and electrons with energy > 50 kev that 
are present in the vicinity of the Moon [l]. 
altmiinum window of 0.05  cm 

The geometrical factor for the registration of 

Thus the counters were sensitive to cha- 

A third identical counter (Cr. 3) was additionally shielded by an Au-Ag 

The curve of counters' spec- 

Still another counter (Cr.4) with 
area served for the measurement of the intensity of 

[*) RENTGENOVSKOYE IZLUC€ENIYE LUNY I RENTCENOVSKIY KOSMIClIESKIY FON PO 
1)ANNY.M SPIJTNIKA LUNY "LUNA-12" 
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@v radiation a r r iv ing  from the Sun i n  the 8 -13 .A spectral region. 
t r i c a l  factor  cons t i tu ted  a t  r e g i s t r a t i o n  o f  Iiard i so t ropic  r ad ia t ion  b .  .5 i i n  . 
1%~ assurance t h a t  the Sun h i t  the f i e l d  of v is ion  of the counters was con t ro l -  
l ed  with thc a i d  of an o p t i c a l  sensor [OA), which is 3 s i l i c o n  phototransformer 
wuth two outputs of d i f f e r e n t  s e n s i t i v i t y ,  namely a Moon sensor with h i f h e r  sen- 
s i t i v i t y  output and 2 t m  sensor w i t h  l e s s e r  s e n s i t i v i t y .  The d i spos i t i on  of the  
counters and. of the o p t i c a l  sensor i s  schematically represented i n  Fig.2.  

I t s  SCO!RC- 

?.; 

Fig.1 Spectral  s e n s i t i v i t y  
of the X-ray counter 

Fig.2. Disposit ion of the 
receivers  of  X-ray r ad ia t ion  
and of the  o p t i c a l  sensor on 

AMs LUNA-12 

The photon counters '  readings were reg i s t e red  by logarithmic intensimeters  
and sca l ing  c i r c u i t s ;  they were telemetered t o  Earth alongside with the read- 
ings of the op t i ca l  sensor.  
minutes t o  1.5 hours were conducted i n  the period from 26 October 1966 t o  6 Jan. 
1967. 
an aluminum cover 1 mm th ick  which then was opened up on spec ia l  command. 

The measurement sessions with durat ion from a few 

During the f i r s t  sessions the windows of the counters were shielded by 

AMs LUNA-12 was during measurements i n  an nonoriented f l i g h t  regime and i t s  
free motion about i ts  center  of masses was c lose  t o  pure spinning. The ax is  of 
r o t a t i o n  was perpendicular t o  the longi tudinal  axis of the s a t e l l i t e ,  which is 
about perpendicular t o  the  plane of the drawing i n  Fig.2;  it l i e d  almost i n  the  
o r b i t  plane of the s a t e l l i t e .  Because of sa te l l i t e  ro t a t ion  the counters were 
a l t e r n a t e l y  or ien ted  a t  the Sun, the  outer  space and the Moon a t  time of i t s  
motion over a subs t an t i a l  p a r t  of the i l luminated surface of the  Moon. As t o  Cr .4 ,  
the  Sun h i t  i t s  f i e l d  of v i s ion  only a t  time of c e r t a i n  sessions (28, 30 and 31 
October, 13 and 16 December 1966); 
counter ' s  f i e l d  of v i s ion .  

during the remaining days it was outs ide  the  

During the measurement period the r eg i s t r a t ions  o f t h e  cont ro l  counter Cr.3 
and of  C r . 4  with small window area have shown i n  the course of a series of ses- 
s ions  t h a t  the counting rate exceeds very considerably the  background l e v e l  
induced by cosmic rays.  
in tense  corpuscular fluxes, as a consequence of which the sessions i n  quest ion 
could not  be u t i l i z e d  f o r  X-radiation measurements. 

This is evidence of the appearance near t he  Moon of 
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Let us examine the  r e s u l t s  of measurements during t h e  days free from 
in te r fe rences  due t o  corpuscular fluxes. Shown i n  Figures 3 and 4 are the  
typ ica l  specimens of readings of the counters and the o p t i c a l  sensor a t  t he  
time when I,UNA-12 was above the illuminated p a r t  of the  Moon. The moments 
of time whcn the  Sun h i t  the  visual f i e l d  of the  apparatus are seen i n  the  
rc;idings of t h e  Sun's scnsor ,  and those of the Moon a r e  seen i n  the  readings 

Jl 

'O0 1 J 
Jl 

u 
L- ---- 

30 3r 32 33 34 t 
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Fig.5. 
during the  recording of increased corpuscular f luxes  on 16 Dec. 

1966 

Regis t ra t ion  of  the  readings of X-ray counters during 

of t h e  Moon's sensor (because of i t s  high s e n s i t i v i t y  the  sensor i s  o f f - s c a l e  
when the  Sun h i t s  i t ) .  
t i o n s  when the  Sun h i t s  them, which a re  attended i n  i t s  c e n t r a l  p a r t  by the  
"off-scale",  i . e .  a drop of readings t o  zero, and a l s o  the  portions correspond- 
ing t o  h i t s  by the  Moon and the outer space. The por t ions  corresponding t o  
the  times when the  counters a r e  directed a t  the  Moon a r e  marked by (./IocD) and 
when they by-pass the Moon and aim a t  the outer  space, - by (0). 

The readings of X-ray counters 1 and show the por- 
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Plotted i n  1:ig.3 is a l s o  the reading o f  the solar- countcr Cr.4, showing t h a t  
during the session thc Sun d id  not h i t  i t s  f i e l d  of vision") 

I t  may be seen i n  Figures 3 and 4 and a l so  on analogous r eg i s t r a t ions  
during o ther  measurcrnent sess ions ,  f r ee  from in te r fe rences ,  t h a t  the counting 
r a t e  of Cr.1 and 0 . 2 ,  when they are d i rec ted  toward the  i l luminated s i d e  of 
thc  Moon, is somewhat higher than when the d i r ec t ion  by-passes the Moon and 
heads toward the outcr  space. 

1)xta for c i e h t  sessions are compiled i n  Table 1; the  values of r(.Tocn) and 
l(fi) averaged by the e n t i r e  segment JOCR and along the  segment @ a r c  brought up 
for each session.  Consideration of' Table 1 shows t h a t  the c m n t  excess 

1.1 '--- J ( J O C , , )  --- I ( < / ) )  

T A B L E  1 - var i e s  ~ I - O J I I  sess ion t o  sess ion  
within ;i considerable range. 
I n  order  t o  ve r i fy  the  r e a l i t y  
of t h i s  excess ,  t h a t  i s ,  t o  t o  da ta  of  experiment on LUNA-12 

X-radiation of the Moon (I~,) according 

prove t h a t  it is not the r e s u l t  
of counter "racing" conditioned 
by a preliminary exposure t o  the L r .  1 C r . 2  
Sun, two sessions were used, 
namely those of  28 October and 
2.3 Novcmber 1966; during these 
sessions the Moon remained out -  
s i d c  the  f i e l d  of \.ision of the 1P.SI 
countcrs .  'I'hc rcspect  ivc aVer3- 

t h a t  thc c l i  f ferencc I ( @ : , )  -- I(@,) 
clocs not excced 1 puIw/scc **I 
'I'his i s  evidence of the f a c t  t h a t  - 

pu 1 s e s / s ec 
- - . - .. -- 

I 1.x.I 19Otrl. 
2 .XI  

- 50 43 
52 13 b3 51 

g ings  by two sessions Iiavc s;iown 3.XII 70 57 13 6ti 47 

- -  
3 . S I I  

w i t h i n  the 1 i i n i  ts  of rncasurement * Co: : e c t i o n  i s  i n t r o d u c e d  t o  I ( J I o c B )  for 
prec is ion  the "raciIig" does not the inccmi l e t e  f i l l i n g  of t h . 2  v i s u a l  field 
d i s t o r t  the r e su l t s  of observa- o f  t h e  counter i l l u r i n a t e d  by part of Moon 
t ions . 

T A B L E  2 
Let us r e f e r  again t o  Table 1. 

In order  t o  separa te  the X-ray ra- 
d i a t i o n  of i n t c r e s t  t o  us from 
the  quant i ty  I;, i t s  is  necessaq-  
t o  t a k e  t h r  I'ollowing i n t o  account- 

of X-ray counters of ~ w - 1 2  
during f l i g h t  over the dark p a r t  of the 
?foon (height 250 km, 9 Dec.l966), expres- 

sed in 
cont r ibu t ion  t o  the counting r a t e  f ( J o c E ) ~  -__ 

J&rv 1 *' 

is made by X-radiation of the  Moon I ''I( 

and by cosmic rays,  while thr, ' i f f u -  
s ive X-radiation of ou tcr  space and 
cosmic rays coiitril)utc t o  the  count- 
ing r a t e  of I ( @ )  

O r b  i t 
_- _--- 

1 5 j , 8  50,9 
2 
3 47,ci tfj,l 

5 5 , s  49, l  

The contr ibut ion from the  d i f -  4 46,5 u , 4  
fus ivc  X-radiation of ou ter  space 5 4'1,o J i , 3  

was determincd from comparison of i a v e r a g e  49,n ~ G , G  
rcadings from C r . 1  and 0 . 3  [control)  
i n sens i t i ve  t o  X-radiation. - -. 

1 
Ir (.yle,~) - 13)) G, 1 L_ 1,1 

___ 

I l ses / sec  
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111 f i r s t  scssioiis, w t i c i i  ttic \ v i i i c l o ~ ~ s  of the counters wcrc s h u t  I)y ;I cover, 
ti:'\ c->:g:t in,, !-;!tc !'or t!1csc cc)\l::t<>r's 
pilscs/sec (the oliservcd di ffcrciice is caused by the  ca l ib ra t ion  imprecision 
of intciisimcters and the difference i n  counters) . Following t h i s  a counting 
r a t e  of 4b.9 and 44.3 pulses/sec was reg is te red  with the open cover (with the 
Sum and the Moon outs ide  the f i e l d  of v i s ion) .  Taking irito account the d i f f e r -  
ence i n  the counters t h i s  gives an estimate of the cont r ibu t ion  of X-radiation 
from the outer  space CL 2 . 7  pulses  .sec , which corresponds i n  the region S 1 3  A 
t o  about 7.5 Photons/cm2 sec s t e rad  kev [3, 4 1 .  

cs:y;tj tutcd r 1 LS+L > 7 -  n,-+; c - i  > r  V C  _I 1y 4 4 . 5  tiiic! 4 4 . 7  ' 'h 

When determining the background of cosmic rays,  cons t i t u t ing  during the 
days of measurements about 3 . 4  pulses/cm2 sec, one should bear i n  mind t h a t  the 
corrcsponding contr ibut ion t o  z(JOcD) and I ( @ , )  readings is  somewhat d i f f e r e n t  
1)ecause of the presence of lunar  sur face ' s  albedo f o r  the  component of cosmic 
rays rcg is te red  by our counters.  15, 61. Cosmic rays ,  r e f l ec t ed  by the sur -  
face of the Moon, pene t ra te  i n t o  our counters through the windows and through 
the l a t e r a l  wal l s ;  the v i sua l  f i e l d  of  a l l  coui te rs  i s  centered f o r  t h i s  r a -  
d i a t ion  i n  the d i r ec t ion  o i  minimum screening by the matter of neighboring sys-  
tems locatcd on the s a t e l l i t e  and j u s t  about coincides with the d i r ec t ion  of our 
dcvicc ' s  op t i ca l  ax i s .  
mic rays when the windows of the counters a r e  or ien ted  a t  the Moon o r  toward 
the  outer  space. 
cstirnated tiy us by comparing the  counter readings with 3 cm2 and during measure- 
Inents above the dark s i d e  of  the  Moon with 0.05 cm2 windows. 
arc compiled i n  Table 2 f o r  f i v e  consecutive h i t t i n g s  by the Moon of the  v isua l  
f i e l d  of apparatus during one of the measurement sess ions ;  
( r e l a t i v e  t o  the d i r ec t ion  a t  the Moon) was extrapolated by us according t o  da ta  
on the ro t a t ion  period and o r i en ta t ion  on the nearest  i l luminated port ion of 

f l i g h t .  As may be seen from Table 2 ,  the  contr ibut ion of albedo cons t i t u t e s  
f o r  the C r . 1  and C r . 2 ,  3.1-4.4 pulses/sec,  and f o r  C r . 4 ,  1 .6  pulse/sec,  which 
corresponds t o  the geometric f ac to r s '  r a t i o  f o r  the r e g i s t r a t i o n  of cosmic rays.  
'I'he absolute value of albedo is CL 8% and it is  somewhat l e s s  than t h a t  measured 
i n  [h ] ,  which may be explained by our r e g i s t r a t i o n  o€ orlly the s o f t  component of 
the  r e f l ec t ed  cosmic rays.  

This explains the d i f fe rence  i n  the background of cos- 

The contr ibut ion of  lunar  albedo of cosmic rays t o  Z:I was 

These readings 

the ro t a t ion  phase 

The thus determined in t ens i ty  of Moon's X-radiation, taking i n t o  account 
the  correct ions f o r  the d i f fus ive  rocntgen background of the outer  space and 
fo r  the Moon's albedo f o r  cosmic rays (Zpx) pulses/sec,  reg is te red  i n  the des- 
c r ibed  cqe r imen t ,  is presented in  the l a s t  column of Table 1. 
i n t o  account the efi-iciency of our counters,  the f l u x  of  X-radiation of the Moon 
cons t i t u t e s  from % 1 0  t o  150 photons/cm2 sec s t e rad .  
values  with those of computed values of X-radiation i n  

I f  we take 

Let us compare these 
- l i n e s  of A 1  and Mg 

111 : 

tiere ,'Y,+! is the f l u x  of Sun's X-radiation with wavelength 1. < ?whir i n  
photon/cirl- scc, 
l i n e ,  w i s  the fluorescence y ie ld  f a c t o r ,  K, is  the weight concentration of 
A1 and Mg i n  the rocks o f  the  lunar surface.  T i s  the t r u e  absorption coe f f i -  
c i e n t  of the lunar rock f o r  incident rad ia t ion ,p ,  and u 2  are the absorption 

P is the  r e l a t i v e  probabi l i ty  of t r a n s i t i o n  of  the measured 

I 
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cocrficients of the lunar rock f o r  the incident and outgoing radiation, + and 
JI arc rcspectively the angles of incidence and outgoing radiation. 
assume cos cp M cos $ % 1, K , ~ I + \ , ~  M 0,1, z x 
of solar radiation in the region 1-10 A constituted according to our data % 

Q 2.5 
to x 5.104 photons/cm2 sec; in the period from 3 December to 9 December 

We shall 
z [I?, P = 1 and u7 z 3.10-2. The flux 

erg/cm2 sec Luring the first day of measurements, which corresponds 

N, pulses /sec 

604- 

1 
:o c , 

October November December 

Fig.6.  Readings of the control counter Cr.3 and index 

Triangles indicate the fhllmoon times 
'4p of geomagnetic activity 

the radiation intensity increased and reached % 2.6 . 
corresponds to NKP z 5. io: photons/cm2 sec. 

fluorescent X-radiation of the surface of the Moon for the above indicated days 
of measurements N A ~  10-100 photons/cm2.sec+sterad. Such a coincidence of 
experimental and computed data, account being taken of the low measurement pre- 
cision and the estimated character of calculation, is unquestionably casual. 
However, the presence of parallelism between the increase of the flux of Moon's 
X-radiation and the rise of Sun's X-radiation, and also the agreement within the 
limits of one order of absolute values of measured and computed radi&ion fluxes 
compels us to assume that the registered Moon's X-radiation is really the roent- 
gen-fluorescent emission of lunar surface. 
agrees well with the representations on the basaltic character of lunar rocks. 

erg/cm2 sec [ 7 ] ,  which 

Utilizing the above values of constants and N,,,we obtain for the flux of 

The absolute value of this emission 



. 

I t  is q u i t e  probable t h a t  the observed enhanced s igna l s  o f  Cr.3  011 .AIS 
LUNA-10 on 8 ,  2.3, 2 7 ,  28 April  and 29 May 1966 [I]  also correspond t o  the r e -  
g i s t r a t i o n  of the  roentgen-fluorescent emission of the Moon. 

I,ct 11s consider now the  data  re la ted  t o  t h e  r e g i s t r a t i o n  of corpuscular 
riuxes, cdunced  by comparison with the background og cosmic rays.  
E'ig.5 arc the r e s u l t s  of measurements of  16 December 1966. C r . 1  and C r . 2  give 
a high counting r a t e ,  nearly not modulated by the ro t a t ion ;  counter 4 (Cr.4) 
shows a lesser increase i n  the counting r a t e  on account of t he  r e l a t i v e l y  
smaller window area. 
isotropy of reg is te red  fluxes. The observed r e l a t i v e l y  shallow minima, anno- 
t a t e d  by arrows, correspond t o  the d i r ec t ion  a t  the  Moon and indica te  the screen- 
ing e f f e c t  of the fluxes by the  Moon. 
on 13 December cons t i tu ted  about 1 . 4  * l o 3  particles/cm2-sec.sterad. 
days, such as 16, 29 December 196b 'and 6 January 1967 there  were observed fluxes 
of nearly 30 particles/cm*.sec s te rad .  

P lo t ted  i n  

Readings of Cr.1 and C r . 2  a r e  evidence of nearly f u l l  

The m a x i m u m  flux of p a r t i c l e s  r eg i s t e red  
In other  

The r e s u l t s  of measurements of the control  counter (Cr.3) f o r  the period 
from 26 October t o  8 December 1966 a r e  p lo t ted  i n  Fig.6. 

'fie posi t ions of the maxima a r e  notably displaced r e l a t i v e  t o  the  bounda- 
rics of the extension of the  Earth 's  magnetosphere " ta i l " ,  crossed by the Moon 
1 t o  2 days p r i o r  and 1 t o  2 days a f t e r  the r e l a t i v e  moments of time of fullmoon, 
as t h i s  was revealed on AIS LUNA-10 in  April-May 1966 [8].  
t h e  r eg i s t e red  p a r t i c l e s  have a s o l a r  o r ig in  correspond b e t t e r  t o  the combina- 
t i o n  of the  observation da ta .  
par ison with the  indices  of geomagnetic f i e l d  disturbance K, and Ap f o r  these 
days (see Fig.6, where da ta  f o r  Ap are  shown). 

The authors extend t h e i r  g ra t i tude  t o  A. P. Popov, V. F. Sukhanov, V. P. 
Fridshtand and V. G .  Chaykovskiy f o r  t h e i r  help i n  the preparat ion and checking 
of the  experiment. 

The assumption t h a t  

This assumption is  a l so  corroborated by the com- 

Manuscript r ece i ved 
on 6 Ju ly  1967 

CONTRACT NO. NAS- 5 - 12487 

1145 - 19th St.NW 
VOLT TECHNICAL CORPORATION 

WASIINGTON D.C. 20036. 
Telephone: 223-6700 (X-36) 

Translated by ANDRE L .  BRICHANT 

on 2 1  - 24 March 1968 
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INl~IW'AGINAL NOlES FROM PAGE 6 

*) The f l u c t u a t i o n s  o f  t h e  rPgist ,erod count ing  r a t e  from p o i n t  t o  p o i n t ,  
r io t iceable  i n  F i g u r e s  3 and 4, a r e  p a r t i a l l y  induced by s i g n a l  f l u c t u a t i o n s  and 
p a r t i a l l y  a l s o  as a consequence of e r r o r s  a r i s i n g  d u r i n g  t h e  a c t i o n  of t h e  d i s -  
c r e t e  system o f  r e a d i n g  codings .  F l u c t u a t i o n s  are less  n o t i c e a b l e  on t h e  r e g i s -  
t r a t i o n  by C r . 4  t h a n  i n  t h e  c a s e  of C r . 1  and C r . 2 ,  as t h e  i n t e r r o g a t i o n  on t h e  
former i s  t w i c e  as small. 

**)(~~ocB) 'ire t h e  r e a l i n g s  when t h e  c o u n t e r s  a i m  a t  t h e  f r e e  space ,  i n  t h e  
r o t a t i o n  phase of  t h e  AMs corresponding ( i n  o t h e r  s e s s i o n s )  t o  t h e  d i r e c t i o n  a t  
the i l l u m i n a t e d  Moon. 


